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REFRIGERATING CYCLE APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to control Which improves 

the reliability of a compressor in a refrigerating cycle 
apparatus With a heating operation mode and defrosting 
operation mode. 

2. Discussion of Background 
In FIGS. 11 and 12 are shoWn a refrigerant circuit diagram 

of a conventional refrigerating cycle apparatus shoWn in eg 
JP-A-58115235 and a timing chart of the speed of rotation 
and the defrosting signal for the compressor in the refrig 
erating cycle apparatus. In FIG. 11, reference numeral 1 
designates a compressor driven by a compressor motor, 
reference numeral 2 designates a four-Way valve as a direc 
tional control valve for reversing the How of a refrigerant, 
reference numeral 3 designates an indoor heat exchanger, 
reference numeral 4 designates a pressure reducing device 
such as a capillary tube, and reference numeral 5 designates 
an outdoor heat exchanger. The four-Way valve, the indoor 
heat exchanger, the pressure reducing device and the out 
door heat exchanger are connected to the compressor 1 as a 
closed circuit to constitute the refrigerating cycle apparatus. 
Reference numeral 6 designates an indoor fan provided to 
confront the indoor heat exchanger 3, and reference numeral 
7 designates an outdoor fan provided to confront the outdoor 
heat exchanger. 
When the compressor motor drives the compressor 1 at a 

cooling mode in the refrigerating cycle apparatus, the refrig 
erant Which has been compressed by the compressor 1 is 
cooled to be condensed by air supply from the outdoor fan 
7 at the outdoor heat exchanger 5, is depressuriZed by the 
pressure reducing device 4 and evaporates at the indoor heat 
exchanger 3 to perform a cooling function. The indoor fan 
6 supplies cooled air to cool the inside of a room. On the 
other hand, at a heating mode, the four-Way valve 2 is 
sWitched to an on position as shoWn in FIG. 11 to reverse the 
How of refrigerant, ?oWing the refrigerant in the order of the 
compressor 1, the four-Way valve 2, the indoor heat 
exchanger, the pressure reducing device 4 and the outdoor 
heat exchanger 5. The indoor fan 7 supplies heated air to 
carry out the heating operation. 

It has been Widely knoWn that the compressor is con 
trolled by adjusting the frequency or the voltage of the 
poWer source for the compressor motor With an inverter 
controller though not shoWn. In this case, a desired speed of 
rotation is found based on a room temperature, a set value 
of the room temperature, an outdoor air temperature and so 
on, an automatic control is carried out to accommodate 
variations in load. If frost is formed on the outdoor heat 
exchanger during the heating mode, a defrosting operation is 
carried out. 

NoW, the defrosting operation of the outdoor heat 
exchanger during the heating mode Will be explained in 
reference to the timing chart of FIG. 12. The defrosting 
signal in FIG. 12 contains a signal Which is outputted based 
on a signal from a defrosting timer Which is built in a 
microcomputer and operates at a certain period of time, and 
a temperature data signal from a defrosting thermostat and 
the like for detecting the temperature of the outdoor heat 
exchanger. For example, provided that the defrosting timer 
operates so as to carry out the heating operation for 50 
minutes and the defrosting operation for 10 minutes in a 
period of 60 minutes, and that the defrosting thermostat 
outputs a signal indicative of defrosting completion at a 
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2 
temperature not less than 10° C. and a signal indicative of 
frosting at a temperature not higher than —2.5° C., the 
defrosting signal is outputted so as to commence defrosting 
at an AND condition of the defrosting timer and the defrost 
ing thermostat and to complete defrosting at an OR condi 
tion of the defrosting timer and the defrosting thermostat. 

In other Words, When the defrosting thermostat detects a 
temperature higher than 10° C. or 10 minutes for the 
defrosting operation has passed, the defrosting operation is 
completed and the apparatus returns to the heating opera 
tion. For example, When the defrosting timer reaches an A 
point, the microcomputer and the inverter controller are 
activated to increase the speed of rotation the compressor 
motor to the maximum value, keeping the heating operation. 
At a B point after lapse of a T1 period of time since the A 
point, a defrosting signal indicative of sWitching the four 
Way valve to an off position (cooling position) is outputted 
to sWitch the four-Way valve, commencing the defrosting 
operation. During the defrosting operation, the compressor 
motor is rotated at the maximum value. 
When the signal indicative of defrosting completion is 

outputted at a C point for completion of the defrosting 
operation, the microcomputer is activated to output a signal 
indicative of sWitching the four-Way valve from the cooling 
position to the heating position, sWitching the four-Way 
valve. HoWever, the compressor motor is driven at the 
maximum speed of rotation for a T2 period of time after that, 
and returns to a normal set speed of revolution, continuing 
the heating operation. 
As clearly seen from the explanation above, the prior art 

has increased the speed of rotation of the compressor to a 
value greater than the set speed of rotation calculated based 
on a room temperature and a set room temperature during 
the defrosting operation and certain periods of time before 
and after the defrosting operation. 

Since the conventional refrigerating cycle apparatus has 
been constructed as stated earlier, an increase in the speed of 
rotation of the compressor from a normal set speed of 
rotation during the defrosting operation and after the defrost 
ing operation causes a lubricating oil in the compressor to be 
taken out of the compressor housing at a large amount after 
defrosting. If the room temperature is near to a set 
temperature, the compressor is rotated at a loW speed 
operation. If the compressor carries out such a loW speed 
operation in a loW outdoor air temperature state requiring the 
defrosting operation, the lubricating oil Which has been 
taken out of the compressor housing becomes difficult to be 
recovered into the compressor due to a decrease in the 
current speed of the refrigerant, creating a problem in that 
the amount of the lubricating oil in the compressor housing 
reduces to degrade the reliability of the compressor. 

Although it has been recently knoWn that an HFC refrig 
erant (R410A, R407C, R32 etc.) and a lubricating oil of 
alkylbenZene are used in the refrigerating cycle apparatus, 
the lubricating oil Which has been taken out becomes more 
difficult to be recovered into the compressor than the prior 
art apparatus since the mutual compatibility betWeen the 
refrigerant and the lubricating oil in this case is loWer than 
a combination of a conventional HCFC refrigerant (R22) 
and a lubricating oil of mineral oil or alkylbenZene. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve these 
problems, and to improve the reliability of a compressor in 
operation at a loW outdoor air temperature. 

It is another object of the present invention to ensure 
returning a lubricating oil to the compressor even in a 
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combination of an HFC refrigerant (R410A, R407C, R32 
etc.) and an alkylbenZene lubricating oil, improving the 
reliability of the compressor. 

The present invention provides a refrigerating cycle appa 
ratus Which is constituted by connecting an inverter driven 
compressor With controllable speed of rotation, a four-Way 
valve, an indoor heat exchanger, a pressure reducing device 
and an outdoor heat exchanger by refrigerant pipes, and 
Wherein the apparatus comprises a defrosting condition 
detector for detecting a frosting state of the outdoor heat 
exchanger during a heating operation, a defrosting operation 
controller for carrying out a defrosting operation based on a 
detection signal from the defrosting condition detector, and 
a minimum operable frequency controller for controlling a 
minimum operable frequency for the compressor on comple 
tion of the defrosting operation. 

The apparatus may comprise a compressor temperature 
detector for detecting a temperature of the compressor, and 
the minimum operable frequency controller for controlling 
the minimum operable frequency based on a detection signal 
from the defrosting condition detector and a detection signal 
from the compressor temperature detector. 

The outdoor heat exchanger may be provided With a 
refrigerant temperature sensor, and there may be provided 
the minimum operable frequency controller for controlling 
the minimum operable frequency based on a detection signal 
from the outdoor refrigerant temperature sensor and an 
operational frequency of the compressor. 

There may be provided an outdoor air temperature sensor 
for detecting an outdoor air temperature, and there may be 
provided the minimum operable frequency controller for 
controlling the minimum operable frequency based on a 
detection signal from the outdoor air temperature sensor. 

The present invention also provides a refrigerating cycle 
apparatus Which is constituted by connecting an inverter 
driven compressor With controllable speed of rotation, a 
four-Way valve, an indoor heat exchanger, a pressure reduc 
ing device and an outdoor heat exchanger by refrigerant 
types, and Wherein the apparatus comprises a defrosting 
condition detector for detecting a frosting state of the 
outdoor heat exchanger during a heating operation, a 
defrosting operation controller for carrying out a defrosting 
operation based on a detection signal from the defrosting 
condition detector, and a starting speed controller for con 
trolling a starting speed for the compressor on completion of 
the defrosting operation based on a detection signal from the 
defrosting condition detector. 

The apparatus may comprise a compressor temperature 
detector for detecting a temperature of the compressor, and 
the starting speed controller for controlling the starting 
speed based on a detection signal from the defrosting 
condition detector and a detection signal from the compres 
sor temperature detector on completion of the defrosting 
operation. 

There may be provided an outdoor air temperature sensor 
for detecting an outdoor air temperature, and there may be 
provided the minimum operable frequency controller for 
controlling the minimum operable frequency based on a 
detection signal from the outdoor air temperature sensor. 

The refrigerating cycle apparatus may be constructed so 
that a lubricating oil is retained in a housing of the com 
pressor and lubricates sliding parts of the compressor, that 
When the oil is ?oWed out into a refrigerating cycle from the 
compressor, the oil circulates in the refrigerating cycle along 
With a refrigerant, and that the oil is hardly compatible With 
the refrigerant and the oil has such a ?uidity and a viscosity 
that the oil can return to the compressor. 

10 

15 

35 

45 

55 

65 

4 
The refrigerant may be an HFC refrigerant and the 

lubricating oil may be an alkylbenZene lubricating oil. 
The refrigerant may be an R410A refrigerant and the 

lubricating oil may be an alkylbenZene lubrication oil. 
The refrigerant may be an R407C refrigerant and the 

lubricating oil may be an alkylbenZene lubricating oil. 
The refrigerant may be an R32 refrigerant and the lubri 

cating oil may be an alkylbenZene lubricating oil. 
As explained, the refrigerating cycle apparatus according 

to the present invention Which is constituted by connecting 
the inverter driven compressor With controllable speed of 
rotation, the four-Way valve, the indoor heat exchanger, the 
pressure reducing device and the outdoor heat exchanger by 
the refrigerant pipes is provided With the defrosting condi 
tion detector for detecting the frosting state of the outdoor 
heat exchanger during the heating operation, the defrosting 
operation controller for carrying out the defrosting operation 
based on a detection signal from the defrosting condition 
detector, and the minimum operable frequency controller for 
controlling the minimum operable frequency of the com 
pressor on completion of the defrosting operation. As a 
result, the operable frequency of the compressor after 
completion of the defrosting operation can be altered to 
make the lubricating oil taken out of the compressor recov 
ered into the compressor easily, offering an advantage in that 
the reliability of the compressor is improved. 
When the apparatus comprises the compressor tempera 

ture detector for detecting a temperature of the compressor 
and the minimum operable frequency controller for control 
ling the minimum operable frequency based on a detection 
signal from the defrosting condition detector and a detection 
signal from the compressor temperature detector, there is 
offered an advantage in that the operable frequency of the 
compressor after completion of the defrosting operation can 
be adequately altered. 
When the outdoor heat exchanger is provided With the 

refrigerant temperature sensor and there is provided the 
minimum operable frequency controller for controlling the 
minimum operable frequency based on a detection signal 
from the refrigerant temperature sensor and the operational 
frequency of the compressor, there is offered an advantage 
in that the operable frequency of the compressor after 
completion of the defrosting operation can be adequately 
uttered. 
When there is provided the outdoor air temperature sensor 

for detecting an outdoor air temperature and there is pro 
vided the minimum operable frequency controller for con 
trolling the minimum operable frequency based on a detec 
tion signal from the outdoor air temperature sensor, there is 
offered an advantage in that the detection precision of an 
outdoor air temperature can be improved to carry out a 
protection control for the compressor With good precision. 

The refrigerating cycle apparatus according to the second 
mode of the present invention Which is constituted by 
connecting the inverter driven compressor With controllable 
speed of rotation, the four-Way valve, the indoor heat 
exchanger, the pressure reducing device and the outdoor 
heat exchanger by the refrigerant pipes, is provided With the 
defrosting condition detector for detecting the frosting state 
of the outdoor heat exchanger during the heating operation, 
the defrosting operation controller for carrying out the 
defrosting operation based on a detection signal from the 
defrosting condition detector, and the starting speed con 
troller for controlling the starting speed for the compressor 
on completion of the defrosting operation based on a detec 
tion signal from the defrosting condition detector. As a 
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result, the lubricating oil is hardly taken out of the com 
pressor during the heating operation after the defrosting 
operation, offering an advantage in that the reliability of the 
compressor is improved. 
When there is provided the compressor temperature sen 

sor for detecting a temperature of the compressor and there 
is provided the starting speed controller for controlling the 
starting speed for the compressor on completion of the 
defrosting operation based on a detection signal from the 
defrosting condition detector and a detection signal from the 
compressor temperature detector in the second mode of the 
present invention, there is offered an advantage in that the 
starting speed of the compressor after completion of the 
defrosting operation can be adequately altered. 
When there is provided the outdoor air temperature sensor 

and there is provided the starting speed controller for 
controlling the starting speed based on a detection signal 
from the outdoor air temperature sensor in the second mode 
of the present invention, the detection precision of an 
outdoor air temperature can be improved to carry out a 
protective control for the compressor With good precision. 
When the apparatus is constructed so that a lubricating oil 

is retained in the housing of the compressor and lubricates 
sliding parts of the compressor, that When the oil is ?oWed 
out into the refrigerating cycle from the compressor, the oil 
circulates in the refrigerating cycle along With a refrigerant, 
and that the oil is hardly compatible With the refrigerant and 
the oil has such a ?uidity and a viscosity that the oil can 
return to compressor, the lubricating oil hardly mixes into 
the refrigerant. With respect to a material Which causes a 
phenomenon Wherein the lubricating oil is taken out of the 
compressor housing, the operable frequency of the compres 
sor after completion of the defrosting operation can be 
altered to make the lubricating oil taken out of the compres 
sor recovered into the compressor easily, offering an advan 
tage in that the reliability of the compressor is improved. 
When the refrigerant is an HFC refrigerant such as an 

R410A, an R407C refrigerant and an R32 refrigerant and the 
lubricating oil is an alkylbenZene lubricating oil, the similar 
effect can be obtained, taking the environment problem into 
account. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many 
of the attendant advantages thereof Will be readily obtained 
as the same becomes better understood by reference to the 
folloWing detailed description When considered in connec 
tion With the accompanying draWings, Wherein: 

FIG. 1 is a schematic vieW shoWing the refrigerating cycle 
apparatus according to a ?rst and a ?fth embodiment of the 
present invention; 

FIG. 2 is a schematic diagram shoWing the refrigerant 
How in a cooling operation of the refrigerating cycle appa 
ratus according to the ?rst and the ?fth embodiment of the 
present invention; 

FIG. 3 is a schematic diagram shoWing the refrigerant 
How in a heating operation of the refrigerating cycle appa 
ratus according to the ?rst and the ?fth embodiment of the 
present invention; 

FIG. 4 is a timing chart of the refrigerating cycle appa 
ratus in a defrosting operation according to the ?rst and the 
?fth embodiment of the present invention; 

FIG. 5 is a control How chart of an indoor microcomputer 
and an outdoor microcomputer of the refrigerating cycle 
apparatus according to the ?rst and the ?fth embodiment of 
the present invention; 
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6 
FIG. 6 is a graph shoWing the correlation of starting 

speeds of the refrigerating cycle apparatus on a heating 
operation after a defrosting operation according to the ?rst 
and the ?fth embodiment of the present invention; 

FIG. 7 is a schematic diagram of the refrigerating cycle 
apparatus according to a second and a sixth embodiment of 
the present invention; 

FIG. 8 is a graph shoWing the correlation of outdoor air 
temperatures at the refrigerant cycle apparatus according to 
a third and a seventh embodiment of the present invention; 

FIG. 9 is a graph shoWing the correlation of refrigerant 
current speeds of the refrigeration cycle apparatus according 
to the third and the seventh embodiment of the present 
invention; 

FIG. 10 is a schematic diagram of the refrigerating cycle 
apparatus according to a fourth and an eighth embodiment of 
the present invention; 

FIG. 11 is a refrigerant circuit diagram of a conventional 
refrigerating cycle apparatus; and 

FIG. 12 is a timing chart With respect to the speed of 
rotation of the compressor and a defrosting signal in the 
conventional refrigerating cycle apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

NoW, embodiments of the present invention Will be 
described in reference to the accompanying draWings. 

EMBODIMENT 1 

In FIG. 1 is shoWn a schematic diagram of the refrigerant 
circuit and the control circuit of an air conditioner With the 
refrigerating cycle apparatus according to a ?rst embodi 
ment. In FIG. 1, reference numeral 1 designates a motor 
operated compressor, reference numeral 2 designates a four 
Way valve as a directional control valve for a refrigerant 
circuit, reference numeral 3 designates an indoor heat 
exchanger, reference numeral 4 designates a pressure reduc 
ing device, and reference numeral 5 designates an outdoor 
heat exchanger. These elements are property connected to 
form the refrigerating cycle apparatus. Reference numerals 
6 and 7 designate an indoor fan and an outdoor fan Which are 
provided for the indoor heat exchanger 3 and the outdoor 
heat exchanger 5, respectively. 

Reference numeral 9 designates a thermistor for detecting 
a room temperature, reference numeral 11 designates an 
indoor microcomputer and reference numeral 13 an outdoor 
microcomputer. These members control an inverter device 
(not shoWn) Which in turns controls the frequency and the 
voltage of the poWer source to the motor operated compres 
sor 1. Speci?cally, based on a room temperature detected by 
the thermistor 9 and a set room temperature, the indoor 
microcomputer 11 calculates a desired operational fre 
quency for the outdoor compressor depending on a load in 
a room, and forWards required information to the outdoor 
microcomputer 13. The outdoor microcomputer 13 auto 
matically controls the speed of rotation of the compressor 
based on the information from the indoor microcomputer 11. 

The outdoor microcomputer 13 includes means for car 
rying out such a control to change the minimum operable 
frequency of the compressor to a certain frequency higher 
than a normal minimum frequency and to set the minimum 
operable frequency to the higher frequency after completion 
of a defrosting operation, and means for carrying out such a 
control to change the starting speed of the compressor to a 
certain speed and set the starting speed to the certain speed 
after completion of a defrosting operation. 
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Reference numeral 10 designates a frost detecting 
thermistor, Which detects the temperature of the refrigerant 
pipe on the outlet side of the outdoor heat exchanger 5. The 
signal detected by the frost detecting thermistor is forWarded 
to the outdoor microcomputer 13 to determine based on the 
temperature information Whether defrosting conditions are 
met or frost is supposed to be formed. In other Words, the 
frost detecting thermistor 10 and the outdoor microcomputer 
13 form a defrosting condition detector. 

When the indoor microcomputer 11 is informed by the 
outdoor microcomputer 13 that the defrosting conditions are 
met, the indoor microcomputer carries out such a control to 
sWitch to a defrosting operation mode Wherein the indoor 
fan for the indoor unit is stopped. In addition, the outdoor 
microcomputer 13 also carries out such a control to sWitch 
to a defrosting operation mode Wherein the four-Way valve 
is reversed. In other Words, the indoor microcomputer 11 
and the outdoor microcomputer 13 form a defrosting opera 
tion controller. 

NoW, the operation Will be explained. In FIG. 2 is shoWn 
a schematic diagram of the refrigerant How in a cooling 
operation, and in FIG. 3 is shoWn a schematic diagram of the 
refrigerant How in a heating operation. Since the heating 
operation and the cooling operation of the refrigerating cycle 
apparatus according to the present invention are the same as 
the conventional apparatus, explanation of the heating 
operation and the cooling operation Will be omitted. 
When a loW outdoor air temperature causes the outdoor 

heat exchanger 5 to be cooled to a temperature beloW the ice 
point so as to form frost on the outdoor heat exchanger 
during the heating operation, the ef?ciency of the heat 
exchanger is extremely loWered. In this case, based on a 
temperature detected from the frost detecting thermistor 10, 
the outdoor microcomputer 13 determined Whether the 
defrosting conditions are met or not. If affirmative, the 
defrosting operation starts to thaW the frost deposited on the 
outdoor heat exchanger 5. 

In general, defrosting is carried out by sWitching the 
four-Way valve 2 shoWn in FIG. 1 from a heating position to 
a cooling position as explained With respect to the prior art. 
By this sWitching, a gaseous refrigerant Which is discharged 
from the compressor and has a high pressure and a high 
quantity of heat is forWarded to the outdoor heat exchanger 
5 removes the frost on the outdoor heat exchanger 5 by the 
heat of the refrigerant. When defrosting is completed, the 
temperature of the pipe on the outlet side of the outdoor heat 
exchanger 5 is raised to a temperature not less than the ice 
point. The frost detecting thermistor 10 detects it, and the 
outdoor microcomputer 13 determines based on the detec 
tion that the defrosting operation completion conditions are 
met, and carries out such a control to complete the defrosting 
operation. 

During the defrosting operation, the indoor fan 6 is 
normally stopped to prevent the room temperature from 
loWering. As a result, the refrigerant Which has released heat 
in the outdoor heat exchanger 5 to be lique?ed returns to the 
compressor 1 Without evaporating in the indoor heat 
exchanger 3. Although a part of the lique?ed refrigerant is 
stored in an accumulator 1b provided on the intake side of 
the compressor 1, a tWo-phase refrigerant of liquid and gas 
is normally inspired into the compressor 1. The compressor 
1 is cooled by the lique?ed refrigerant to have the tempera 
ture therein loWered. 

In addition, a lubricating oil in the compressor 1 is also 
cooled to have the refrigerant mixed thereinto, raising the oil 
level in the compressor 1. When the defrosting operation is 
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8 
completed and a normal heating operation restarts in such a 
state, a high speed of rotation of the compressor causes the 
lubricating oil in the compressor 1 to be taken out of the 
compressor housing at a large amount. If the lubricating oil 
Which has been taken out of the compressor housing is 
recovered into the compressor along With refrigerant during 
the normal heating operation, the shortage of the lubricating 
oil hardly affects the reliability of the compressor since an 
operation With shortage of the lubricating oil is not so long. 
HoWever, if the oil is not recovered in a short period of time, 
the reliability of the compressor is extremely deteriorated. 
The time required for recovery of the lubricating oil 

depends on the current speed of the refrigerant. The drop in 
a room temperature caused by a defrosting operation is 
normally as small as 1—2° C. When the defrosting operation 
ends and a heating operation restarts, the heating load in the 
room is small because of such a small difference betWeen an 
actual room temperature and a set temperature. The small 
heating load causes the indoor microcomputer 11 to com 
mand the outdoor microcomputer 13 to shift the operational 
frequency of the compressor 1 to a loW speed range 
promptly after completion of high speed restarting. The 
heating operation is carried out in such a state that the 
lubricating oil Which has been taken out of the compressor 
1 on restarting is difficult to be recovered into the compres 
sor. 

In accordance With the present invention, When the 
defrosting operation ends and the heating operation restarts, 
the outdoor microcomputer 13 changes the minimum opera 
tional frequency of the compressor to a certain frequency 
higher than the minimum frequency in a normal operation as 
shoWn in the timing chart of FIG. 4 in order that lubricating 
oil Which has been taken out of the compressor 1 can be 
recovered into the compressor 1 promptly. Or the outdoor 
microcomputer changes the minimum operational frequency 
of the compressor to eg a higher frequency than the 
minimum frequency of the compressor before the defrosting 
operation. 

In addition, the outdoor microcomputer 13 changes the 
starting speed of the compressor 1 to a loW speed starting 
pattern a or b loWer than a normal starting speed for the 
heating operation as shoWn in the graph of FIG. 6 in order 
to reduce the quantity of the lubricating oil Which is taken 
out of the compressor 1 on restarting the compressor. 

These control processes are shoWn in the How chart of 
FIG. 5. The process Which corresponds to FIG. 4 is carried 
out at S16, and the process Which corresponds to FIG. 6 is 
carried out at S22. 

Although explanation of the change in the minimum 
frequency of the compressor to a higher level and the 
reduction in the starting speed of the compressor during the 
heating operation after completion of the defrosting opera 
tion has been made, the outdoor air temperature may be 
regarded as not being at a certain loW outdoor air tempera 
ture if the time Wherein the defrosting operation has been 
carried out is not shorter than a certain period of time. In this 
case, the raise in the minimum frequency and the loW speed 
starting of the compressor may not be carried out after the 
defrosting operation. Or the change in the minimum fre 
quency and the loW speed starting may be released, and the 
minimum operational frequency may be reset at a loWer 
level than the raised minimum operational frequency. 

In FIG. 1, reference numeral la a discharging pipe, 
reference numeral 8a designates a connecting pipe betWeen 
indoor and outdoor (a liquid side), reference numeral 8b 
designates a connecting pipe betWeen and indoor and out 
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door (a gaseous side), reference numeral 12 designates a 
device for driving the indoor fan, reference numeral 14 
designates a device for driving the compressor, and refer 
ence numeral 15 designates a device for driving the outdoor 
fan. These members are incorporated into the apparatus as in 
the conventional apparatus. 

EMBODIMENT 2 

In FIG. 7 is shoWn a schematic diagram of the refrigerant 
circuit and the control circuit in the air conditioner With the 
refrigerating cycle apparatus according to a second embodi 
ment incorporated therein. In FIG. 7, parts similar or cor 
responding to those in FIG. 1 are indicated by the same 
reference numerals, and explanation of these parts Will be 
omitted. In FIG. 7, reference numeral 17 designates a 
compressor temperature thermistor as a detector for detect 
ing the temperature of the compressor 1. The outdoor 
microcomputer 13 includes means for carrying out such a 
control to alter a set value for the minimum frequency of the 
compressor 1 and means for carrying out such a control to 
alter the starting speed of the compressor 1, both of Which 
make the alteration based on a detection signal from the 
defrosting condition detector and a temperature signal of the 
compressor 1 from the compressor temperature thermistor 
17 prior to restart of the compressor. 

The operation Will be explained. When a loW outdoor air 
temperature causes the outdoor heat exchanger to be cooled 
to a temperature beloW the ice point so as to form frost on 
the outdoor heat exchanger during the heating operation, the 
ef?ciency of the heat exchanger is extremely loWered. In this 
case, the defrosting operation starts to thaW the frost depos 
ited on the outdoor heat exchanger 5 in the defrosting 
operation. The defrosting operation causes the compressor 
to be cooled by a liquid refrigerant so as to loWer the 
temperature in the compressor as explained With respect to 
Embodiment 1. 

The quantity of the frost Widely varies depending on not 
only an outdoor air temperature but also an outdoor air 
humidity. For this reason, the time required for the defrost 
ing operation is affected by the outdoor air temperature and 
the outdoor air humidity. 
When the quantity of the frost is small, or When the 

humidity is loW, the drop in the compressor temperature in 
the defrosting operation is minute since the time required for 
the defrosting operation is short. In other Words, the quantity 
of the lubricating oil Which is taken out of the compressor 
housing on restarting after completion of the defrosting 
operation is small. In this case, the raise in the minimum 
operable frequency of the compressor or the loW speed 
starting of the compressor on restarting may not be carried 
out. 

In this embodiment, a detection signal from the compres 
sor temperature thermistor 17 is also utiliZed in addition to 
a detection signal from the defrosting condition detector. 
When it is detected that the compressor temperature has 
loWered, the minimum operable frequency for the compres 
sor is raised and the starting speed of the compressor 1 is 
loWered after completion of the defrosting operation. When 
it is not detected that the compressor temperature has 
loWered, the outdoor microcomputer 13 carries out such a 
control that a set minimum operable frequency or the 
starting speed of the compressor is not altered. 
As explained, based on signals from the defrosting con 

dition detector and the compressor temperature detector, the 
outdoor microcomputer 13 alters the set minimum frequency 
and the starting speed When a large amount of the lubricating 
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oil has been taken out of the compressor housing. This 
embodiment can reduce the deterioration in comfort Which 
Would be otherWise caused by variations in room tempera 
ture adjustment due to a raise in the minimum frequency or 
a prolonged room temperature adjustment period of time due 
to a drop in the starting speed. 

EMBODIMENT 3 

In the ?rst embodiment, the outdoor air temperature is 
detected by the frost detecting thermistor 10, and the set 
minimum frequency for the compressor 1 is altered after the 
defrosting operation if it is determined that the outdoor air 
temperature is at the certain loW temperature. The frost 
detecting thermistor 10 shoWn in FIG. 1 may be utiliZed as 
a refrigerant temperature detecting sensor for the outdoor 
heat exchanger 5 to detect the evaporation temperature of 
the refrigerant, and the outdoor microcomputer 13 may ?nd 
the current speed of the refrigerant or the outdoor air 
temperature state based on the operational frequency of the 
compressor 1 to control the minimum frequency. 

Since the outdoor heat exchanger 5 as an evaporator in the 
heating operation absorb heat in the outdoor air, the evapo 
ration temperature loWers as the outdoor air temperature is 
colder, Which is shoWn in FIG. 8. According to FIG. 8, the 
outdoor air temperature is estimated based on an evaporation 
temperature and an operational frequency of the compressor. 
The outdoor microcomputer 13 can estimate the outdoor air 
temperature state based on the temperature detected by the 
frost detecting thermistor 10. If the outdoor microcomputer 
determines that the outdoor air temperature is at the certain 
loW temperature, the outdoor microcomputer raises the 
minimum frequency to an operational frequency at Which 
the lubricating oil can be recovered into the compressor 1. 

Or, the outdoor microcomputer 13 may ?nd the current 
speed of the refrigerant based on the temperature of the 
evaporated refrigerant in the outdoor heat exchanger 5 and 
the operation frequency of the compressor 1 as shoWn in 
FIG. 9. When the outdoor microcomputer determines that 
the outdoor air temperature is at the certain loW temperature 
and the current speed of the refrigerant loWers so as to make 
recovery of the lubricating oil into the compressor 
impossible, the minimum operational frequency of the com 
pressor 1 may be raised to a frequency value at Which the 
lubricating oil can be recovered into the compressor. 

Although the evaporation temperature is detected by the 
frost detecting thermistor 10 in this embodiment, the out 
door heat exchanger 5 may have a substantially intermediate 
portion thereof formed With a thermistor. 

EMBODIMENT 4 

Although the outdoor air temperature is found based on 
the evaporation temperature of the refrigerant in the outdoor 
heat exchanger 5 and the operational frequency of the 
compressor 1 in the third embodiment, the outdoor heat 
exchanger may have an outdoor air temperature sensor 16 
provided thereon as shoWn in FIG. 10 to directly detect an 
outdoor air temperature. 

In this case, When the outdoor microcomputer 13 deter 
mines based on a detection signal from the outdoor air 
temperature sensor 16 that the outdoor air temperature is at 
the certain loW value, the minimum operational frequency of 
the compressor 1 is raised or the starting speed of the 
compressor 1 is loWered. 

EMBODIMENT 5 

NoW, an embodiment of the present invention Wherein the 
refrigerant is eg an HFC refrigerant and the lubricating oil 
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is eg an alkylbenZene oil or a hardly compatible oil Will be 
explained in reference to the accompanying drawings. In 
this embodiment, a lubricating oil Which has the solubility 
by Weight of 0.5—7% to the liquid refrigerant in the com 
pressor is mainly considered. In FIG. 1 is shoWn the sche 
matic diagram of the refrigerant circuit and the control 
circuit of the air conditioner With the refrigerating cycle 
apparatus according to the present invention incorporated 
thereinto. Although this embodiment is different from the 
?rst embodiment in detailed portions in that an HCFC 
refrigerant and a lubricating oil such as a numeral oil or a 

alkylbenZene oil, or an HFC refrigerant (R410A, R407C, 
R32 etc.) and ester or ether lubricating oil are used in the ?rst 
embodiment, this embodiment is the same as the ?rst 
embodiment in terms of basic circuit structure. 

NoW, the operation Will be explained. In FIG. 2 is shoWn 
the schematic diagram of the How of the refrigerant in the 
cooling operation, and in FIG. 3 is shoWn the schematic 
diagram of the How of the refrigerant in the heating opera 
tion. Since the heating operation and the cooling operation 
in the refrigerating cycle apparatus according to this 
embodiment are the same as the ?rst embodiment, explana 
tion of the heating and cooling operations Will be omitted. 
When a loW outdoor air temperature causes the outdoor heat 
exchanger 5 to be cooled to a temperature beloW the ice 
point so as to form frost on the outdoor heat exchanger 
during the heating operation, the ef?ciency of the heat 
exchanger is extremely loWered. In this case, the outdoor 
microcomputer 13 determines based on a detected tempera 
ture from the frost detecting thermistor 10 Whether the 
defrosting operation conditions are met or not. If af?rmative, 
the defrosting operation starts to thaW the frost deposited on 
the outdoor heat exchanger 5. 

In general, defrosting is carried out by sWitching the 
four-Way valve 2 shoWn in FIG. 1 from the heating position 
to the cooling position as explained With respect to the prior 
art. By this sWitching, a gaseous refrigerant Which is dis 
charged and has a high pressure and a high quantity of heat 
is forWarded to the outdoor heat exchanger 5 to remove the 
frost on the outdoor heat exchanger 5 by the heat of the 
refrigerant. When defrosting is completed, the temperature 
of the pipe on the outlet side of the outdoor heat exchanger 
5 is raised to a temperature not less than the ice point. The 
frost detecting thermistor detects it, and the outdoor micro 
computer 13 determines based on the detection that the 
defrosting operation completion conditions are met, and 
carries out such a control to end the defrosting operation. 

During the defrosting operation, the indoor fan 6 is 
normally stopped to prevent the room temperature from 
loWering. As a result, the refrigerant Which has released heat 
in the outdoor heat exchanger 5 to be lique?ed returns to the 
compressor 1 Without being evaporated in the indoor heat 
exchanger 3. Although a part of the refrigerant is stored in 
the accumulator provided on the intake side of the compres 
sor 1, a tWo-phase refrigerant of liquid and gas is normally 
inspired into the compressor 1. The compressor 1 is cooled 
by the refrigerant to have the temperature therein loWered. 

In a combination of a refrigerant and a lubricating oil 
Which are likely to be compatible such as a combination of 
an HCFC refrigerant (R22 etc.) and a lubricating oil of 
mineral oil such as an alkylbenZene oil, and a combination 
of an HFC refrigerant (R410A, R407C, R32 etc.) and an 
ester or ether lubricating oil, the lubricating oil has the 
refrigerant mixed thereinto, raising the oil level in the 
compressor 1. When the defrosting operation is completed 
and the normal heating operation restarts in such a state, a 
high speed of rotation of the compressor 1 causes the 
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12 
lubricating oil in the compressor 1 to be taken out of the 
compressor housing at a large amount. 

On the other hand, the use of a hardly compatible oil With 
a combined use of an HFC refrigerant (R410A, R407C, R32 
etc.) and an alkylbenZene oil as the lubricating oil creates a 
problem in that the lubricating oil is taken out of the 
compressor housing though a loW compatibility betWeen the 
refrigerant and the lubricating oil prevents the refrigerant 
With mixing into the lubricating oil. If the lubricating oil 
Which has been taken out of the compressor housing is 
recovered into the compressor along With the refrigerant in 
the normal heating operation, the shortage of the oil hardly 
affects the reliability of the compressor since the operation 
With shortage of the lubricating oil is not so long. HoWever, 
if the oil is not recovered in a short period of time, the 
reliability of the compressor is completely deteriorated. 
The time required for recovery of the lubricating oil 

depends on the current speed of the refrigerant. The drop in 
a room temperature caused by a defrosting operation is 
normally as small as 1—2° C. When the defrosting operation 
ends and the heating operation restarts, the heating load in 
the room is small because of such a small difference betWeen 
an actual room temperature and a set room temperature. The 
small heating load causes the indoor microcomputer 11 to 
command the outdoor microcomputer 13 to shift the opera 
tional frequency of the compressor 1 to a loW speed range 
promptly after the completion of high speed restarting of the 
compressor. The heating operation is carried out in such a 
state that the lubricating oil Which has been taken out of the 
compressor 1 on restarting is dif?cult to be recovered into 
the compressor. 

In accordance With the present invention, the outdoor 
microcomputer 13 changes the minimum operational fre 
quency of the compressor to a certain frequency higher than 
the normal minimum operational frequency in order that the 
lubricating oil Which has been taken out of the compressor 
1 can be promptly recovered into the compressor 1 When the 
defrosting operation tends and the heating operation restarts 
as shoWn in the timing chart of FIG. 4. Or, the minimum 
operational frequency is changed to a certain frequency 
higher than eg the minimum operational frequency before 
the defrosting operation. 

In addition, in order to reduce the amount of the lubri 
cating oil Which is taken out of the compressor 1 on 
restarting of the compressor, the outdoor microcomputer 13 
shifts the starting speed of the compressor 1 to the loWer 
starting patterns a or b than the normal starting speed on 
restarting as shoWn in the graph of FIG. 6. 

These control process are shoWn in the How chart of FIG. 
5. The process Which correspond to FIG. 4 is made at S16, 
and the process Which corresponds to FIG. 6 is made at S22. 
Although explanation of the change in the minimum 

operational frequency of the compressor to a higher level 
and the reduction in the starting speed of the compressor 
during the heating operation after completion of the defrost 
ing operation is made, the outdoor air temperature may be 
regarded as not being at the certain loW temperature if the 
time Wherein the defrosting operation has been carried out is 
not shorter than a certain period of time. In this case, the 
raise in the minimum operational frequency and the loW 
speed starting of the compressor may not be carried out after 
the defrosting operation, or the change in the minimum 
operational frequency and the loW speed starting may be 
released and the minimum operational frequency may be 
reset to a loWer value than the raised minimum operational 
frequency. 
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EMBODIMENT 6 

In FIG. 7 is shown the schematic diagram of the refrig 
erant circuit and the control circuit of the air conditioner 
With the refrigerating cycle apparatus according to the 
present invention incorporated thereinto. In FIG. 7, parts 
similar to corresponding to these in FIG. 1 are indicated by 
the same reference numerals, and explanation of these parts 
Will be omitted. In FIG. 7, reference numeral 17 designates 
the compressor temperature thermistor as the temperature 
detector for the compressor 1. The outdoor microcomputer 
13 includes means for altering a set value for the minimum 
operational frequency of the compressor 1 and means for 
altering the starting speed of the compressor 1, both of 
Which make the alteration based on a detection signal from 
the defrosting condition detector and a temperature signal 
for the compressor 1 from the compressor temperature 
thermistor 17 prior to restarting. This embodiment uses a 
combination of an HFC refrigerant (R410A, R407C, R32 
etc.) as the refrigerant and an alkylbenZene oil as the hardly 
compatible lubricating oil as in the ?fth embodiment. 
NoW, the operation Will be explained. When the outdoor 

air temperature is loW during the heating operation, the 
outdoor heat exchanger is cooled to a temperature beloW the 
ice point to have frost formed thereon, extremely loWering 
the ef?ciency of the heat exchanger. In this case, the defrost 
ing operation starts to thaW the frost deposited on the 
outdoor heat exchanger 5. The defrosting operation causes 
the compressor to be cooled by a liquid refrigerant so as to 
loWer the temperature in the compressor as explained With 
respect to the ?fth embodiment. 

HoWever, the amount of frost Widely varies depending on 
not only an outdoor air temperature but also an outdoor air 
humidity. For this reason, the time required for the defrost 
ing operation is affected by the outdoor air temperature and 
the outdoor air humidity. 
When the amount of frost to be defrosted is small or the 

outdoor humidity is loW, the drop in the compressor tem 
perature during the defrosting operation is small since the 
time required for the defrosting operation is short. This 
means that the amount of the lubricating oil Which is taken 
out of the compressor housing on restarting after completion 
of the defrosting operation is small. In this case, the mini 
mum operational frequency of the compressor or the starting 
speed of the compressor on restarting may not be altered. 

In accordance With the present invention, the detection 
signal from the compressor temperature thermistor 17 is also 
utiliZed in addition to the direction signal from the defrost 
ing operation detector. When it is detected that the com 
pressor temperature has loWered, the minimum operational 
frequency of the compressor is raised and the starting speed 
of the compressor 1 is reduced after completion of the 
defrosting operation. When it is not detected that the com 
pressor temperature has loWered, the outdoor microcom 
puter 13 carries out such a control that the setting of the 
minimum operational frequency or the starting speed of the 
compressor is not altered. 
As explained, based on signals from the compressor 

temperature detector detecting the temperature of the com 
pressor in addition to the defrosting operation detector, the 
outdoor microcomputer 13 alters the minimum operational 
frequency and the starting speed if a large amount of 
lubricating oil has been taken out of the compressor housing. 
This embodiment can reduce the deterioration in comfort 
Which Would be otherWise caused by variations in room 
temperature adjustment due to a raise in the minimum 
operational frequency or a prolonged room temperature 
adjustment period of time due to a drop in the starting speed. 
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EMBODIMENT 7 

In the ?fth embodiment, if the defrosting operation has 
been carried out based on the temperature detection from the 
frost detecting thermistor 10, it is determined that the 
outdoor air temperature is at the certain loW temperature, 
and the setting of the minimum operational frequency of the 
compressor 1 is altered. The frost detecting thermistor 10 of 
FIG. 1 may be utiliZed as a refrigerant temperature sensor 
for the outdoor heat exchanger 5 to detect the evaporation 
temperature of the refrigerant, and the outdoor microcom 
puter 13 may ?nd the current speed of the refrigerant or the 
outdoor air temperature state based on the operational fre 
quency of the compressor 1 to control the minimum opera 
tional frequency. This embodiment uses a combination of an 
HFC refrigerant (R410A, R407C, R32 etc.) as the refriger 
ant and an alkylbenZene oil as the hardly compatible lubri 
cating oil as in the ?fth embodiment. 

Since the outdoor heat exchanger 5 as an evaporator 
absorbs outdoor air heat in the heating operation, the evapo 
ration temperature loWers as the outdoor air temperature is 
colder, Which is shoWn in FIG. 8. According to FIG. 8, the 
outdoor air temperature can be estimated based on an 
evaporation temperature and an operational frequency of the 
compressor. If the outdoor microcomputer 13 determines 
based on the detection temperature from the frost detecting 
thermistor 10 that the outdoor air temperature is at the 
certain loW temperature, the minimum operational fre 
quency is raised to a value at Which the lubricating oil can 
be recovered to the compressor 1. 

Or, the outdoor microcomputer 13 ?nds the current speed 
of the refrigerant based on the evaporation temperature of 
the refrigerant in the outdoor heat exchanger 5 and the 
operational frequency of the compressor 1 as shoWn in FIG. 
9. If the outdoor microcomputer determines that a drop in 
the current speed due to a loW outdoor air temperature is 
dif?cult to recover the lubricating oil into the compressor, a 
set minimum operational frequency for the compressor 1 
may be raised to a value at Which the lubricating oil can be 
recovered into the compressor. 

Although the evaporation temperature is detected by the 
frost detecting thermistor 10 in this embodiment, the out 
door heat exchanger 5 may have a substantially intermediate 
portion provided With a required thermistor. 

EMBODIMENT 8 

Although an outdoor air temperature is found based on an 
evaporation temperature of the refrigerant in the outdoor 
heat exchanger 5 and an operational frequency of the 
compressor 1 in the ?fth embodiment, the outdoor heat 
exchanger may be provided With an outdoor air temperature 
sensor 16 to directly detect an outer air temperature as 
shoWn in FIG. 10. In this case, if the outdoor microcomputer 
13 determines based on a detection signal from the outdoor 
air temperature sensor 16 that the outdoor air is at the certain 
loW temperature, a set minimum operational frequency of 
the compressor 1 is raised or the starting speed of the 
compressor 1 is reduced. 

This embodiment uses a combination of an HFC refrig 

erant (R410A, R407C, R32 etc.) as the refrigerant and an 
alkylbenZene oil as the hardly compatible lubricating oil as 
in the ?fth embodiment. 

Obviously, numerous modi?cations and variations of the 
present invention are possible in light of the above teach 
ings. It is therefore to be understood that Within the scope of 
the appended claims, the invention may be practiced other 
Wise than as speci?cally described herein. 
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What is claimed is: 
1. A refrigerating cycle apparatus Which is constituted by 

connecting an inverter driven compressor With controllable 
speed of rotation, a four-Way valve, an indoor heat 
exchanger, a pressure reducing device and an outdoor heat 
exchanger by refrigerant pipes, comprising: 

a defrosting condition detector for detecting a frosting 
state of the outdoor heat exchanger during a heating 
operation; 

a defrosting operation controller for carrying out a 
defrosting operation based on a detection signal from 
the defrosting condition detector; and 

at least one of a minimum operable frequency controller 
for controlling a minimum operable frequency for the 
compressor on completion of the defrosting operation 
and a starting speed controller for controlling a starting 
speed for the compressor based on a detection signal 
from the defrosting condition detector on completion of 
the defrosting operation. 

2. The refrigerating cycle apparatus according to claim 1, 
further comprising a compressor temperature detector for 
detecting a temperature of the compressor; Wherein the 
minimum operable frequency controller controls the mini 
mum operable frequency based on a detection signal from 
the defrosting condition detector and a detection signal from 
the compressor temperature detector. 

3. The refrigerating cycle apparatus according to claim 1, 
further comprising a refrigerant temperature sensor provided 
on the outdoor heat exchanger; Wherein the minimum oper 
able frequency controller controls the minimum operable 
frequency based on a detection signal from the refrigerant 
temperature sensor and an operational frequency of the 
compressor. 

4. The refrigerating cycle apparatus according to claim 1, 
further comprising an outdoor air temperature sensor for 
detecting an outdoor air temperature; Wherein the minimum 
operable frequency controller controls the minimum oper 
able frequency based on a detection signal from the outdoor 
air temperature sensor. 

5. The refrigerating cycle apparatus according to claim 1, 
further comprising a compressor temperature detector for 
detecting a temperature of the compressor; Wherein the 
starting speed controlling means controls the minimum 
operable frequency based a detection signal from the 
defrosting condition detector and a detection signal from the 
compressor temperature detector. 

6. The refrigerating cycle apparatus according to claim 1, 
further comprising an outdoor air temperature sensor; 
Wherein the starting speed controller controls the starting 
speed based on a detection signal form the outdoor air 
temperature sensor. 

7. The refrigerating cycle apparatus according to claim 1, 
Wherein a lubricating oil is retained in a housing of the 
compressor and lubricates sliding parts of the compressor, 
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Wherein When the oil is ?oWed out into a refrigerating cycle 
from the compressor, the oil circulates in the refrigerating 
cycle along With a refrigerant, and Wherein the oil is hardly 
compatible With the refrigerant and the oil has such a ?uidity 
and a viscosity that the oil can return to compressor. 

8. The refrigerating cycle apparatus according to claim 7, 
Wherein the refrigerant is an HFC refrigerant and the lubri 
cating oil is an alkylbenZene lubricating oil. 

9. The refrigerating cycle apparatus according to claim 8, 
Wherein the refrigerant is selected from the group of an 
R410A refrigerant, an R407C refrigerant and an R32 refrig 
erant. 

10. The refrigerating cycle apparatus according to claim 
2, Wherein a lubricating oil is retained in a housing of the 
compressor and lubricates sliding parts of the compressor, 
Wherein When the oil is ?oWed out into a refrigerating cycle 
from the compressor, the oil circulates in the refrigerating 
cycle along With a refrigerant, and Wherein the oil is hardly 
compatible With the refrigerant and the oil has such a ?uidity 
and a viscosity that the oil can return to compressor. 

11. The refrigerating cycle apparatus according to claim 3, 
Wherein a lubricating oil is retained in a housing of the 
compressor and lubricates sliding parts of the compressor, 
Wherein When the oil is ?oWed out into a refrigerating cycle 
from the compressor, the oil circulates in the refrigerating 
cycle along With a refrigerant, and Wherein the oil is hardly 
compatible With the refrigerant and the oil has such a ?uidity 
and a viscosity that the oil can return to compressor. 

12. The refrigerating cycle apparatus according to claim 
4, Wherein a lubricating oil is retained in a housing of the 
compressor and lubricates sliding parts of the compressor, 
Wherein When the oil is ?oWed out into a refrigerating cycle 
from the compressor, the oil circulates in the refrigerating 
cycle along With a refrigerant, and Wherein the oil is hardly 
compatible With the refrigerant and the oil has such a ?uidity 
and a viscosity that the oil can return to compressor. 

13. The refrigerating cycle apparatus according to claim 
5, Wherein a lubricating oil is retained in a housing of the 
compressor and lubricates sliding parts of the compressor, 
Wherein When the oil is ?oWed out into a refrigerating cycle 
from the compressor, the oil circulates in the refrigerating 
cycle along With a refrigerant, and Wherein the oil is hardly 
compatible With the refrigerant and the oil has such a ?uidity 
and a viscosity that the oil can return to compressor. 

14. The refrigerating cycle apparatus according to claim 
6, Wherein a lubricating oil is retained in a housing of the 
compressor and lubricates sliding parts of the compressor, 
Wherein When the oil is ?oWed out into a refrigerating cycle 
from the compressor, the oil circulates in the refrigerating 
cycle along With a refrigerant, and Wherein the oil is hardly 
compatible With the refrigerant and the oil has such a ?uidity 
and a viscosity that the oil can return to compressor. 

* * * * * 


